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INTRODUCTION 
The  main t h r u s t  i n  c w  s u b m i l l i m e t e r  (smm) laser r e s e a r c h  i n  t h e  p a s t  h a s  
been  toward  the  d i scove ry  o f  laser l ines  and  toward  h ighe r  ou tpu t  power  levels. 
Diagnos t i c   expe r imen t s  were l i m i t e d  t o  a v e r y  small number  of  gases.  The were 
d i r e c t e d  t o w a r d  t h e  pump abso rp t ion  and  p res su re  dependence  r eg ime  [1 ,2 ,39 .  
Very l i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  t o  t h e  s p e c t r a l  f e a t u r e s  o f  t h e  smm laser 
emiss ion .  I t  w a s  o n l y  r e c e n t l y  t h a r :  g a i n  p r o f i l e  a n d  f r e q u e n c y  s t a b i l i t y  meas- 
urements  were performed  [4 ,5 ,6] .   The  general   experience w a s  t h a t  t h e s e  lasers 
are q u i t e  u n s t a b l e  s o u r c e s  a n d  i n  t h e  common d e s i g n  n o t  g e n e r a l l y  s u i t a b l e  f o r  
l o c a l  o s c i l l a t o r  a p p l i c a t i o n s  [5 J ] .  The r e a s o n s  f o r  t h i s  are t h a t  (1) power 
and frequency changes of  the C 0 2  pump laser t r a n s l a t e  i n t o  power  and  frequency 
changes   o f   the  smm o u t p u t ,  (2 )  t h a t  r e f l e c t i o n s  o f  pump r a d i a t i o n  f r o m  t h e  smm 
r e s o n a t o r  c a u s e  severe i n s t a b i l i t i e s  o f  t h e  pump laser and ( 3 )  t h a t  smm reson-  
a t o r  i n s t a b i l i t i e s  are o f t e n  v e r y  c r i t i c a l  b e c a u s e  o f  r e s o n a n c e  e f f e c t s  a t  t h e  
pump f r e q u e n c y .   I n   t h e   f o l l o w i n g ,  new d i a g n o s t i c  r e s u l t s  w i l l  b e   g i v e n   o f   t h e  
s p e c t r a l  f e a t u r e s  a n d  t h e  power   conve r s ion   e f f i c i ency .  A s  a r e s u l t  o f  t h e s e  
exper iments ,  several cr i ter ia  are o b t a i n e d  f o r  t h e  d e s i g n  o f  f r e q u e n c y  s t a b l e  
a n d  e f f i c i e n t  smm lasers f o r  l o c a l  o s c i l l a t o r  a p p l i c a t i o n s .  F i n a l l y ,  a new de- 
s i g n  i s  d e s c r i b e d  a n d  r e s u l t s  o n  t h e  power output  and power and frequency sta- 
b i l i t y  w i l l  be  given.  
*This work w a s  per formed under  Cont rac t  No. NAS5-26030 f o r  t h e  I n s t r u m e n t  
E l e c t r o o p t i c s  B r a n c h ,  NASA, Goddard  Space  F l ight  Center .  
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SMM LASER  DIAGNOSTICS 
S p e c t r a l  F e a t u r e s  
The harmonic mixing technique has  been used for  heterodyne diagnost ics  of  
t h e  smm laser ou tpu t  a t  a number of laser l ines  ranging  f rom 170 pm t o  1 2 2 1  pm. 
This  technique has  been appl ied before  to  measure the absolute  f requency of  smm 
laser l i n e s  [8,9,10]. A G a A s  Schot tky Barrier d i o d e  i n  a q u a s i o p t i c a l  mount 
was used  to  genera te  very  h igh  harmonics  of  microwave  f requencies  and  for  down 
convers ion   of   the  smm laser frequency [ll]. With t h i s  t e c h n i q u e  w e  ob ta ined  
f r e q u e n c y  m u l t i p l i c a t i o n  f a c t o r s  up to  145 .  Th i s  made d i agnos t i c s  o f  t he  
170 pm l i n e  of CH3OH poss ib l e  wi th  a s i g n a l  t o  n o i s e  r a t i o  o f  o v e r  30 dB. The 
s p e c t r a l  f e a t u r e s  o f  t h e  laser g a i n  were s tud ied  by tun ing  the  laser r e sona to r  
whi le  d i sp lay ing  the  bea t  f requency  on a spec t rum ana lyze r  s c reen  in  a h igh  
p e r s i s t e n c e  mode. S e v e r a l  b a s i c  p h y s i c a l  e f f e c t s  c o u l d  b e  i s o l a t e d  by a proper  
choice of  the laser g a s ,  t h e  laser gas  p re s su re ,  t he  pump i n t e n s i t y  a n d  t h e  
pump frequency. 
Genera l ly ,  a t  t h e  low o p e r a t i n g  p r e s s u r e s  of t h e  laser g a s e s ,  t h e  pump 
r a d i a t i o n  t r a v e l l i n g  b a c k  and f o r t h  i n  t h e  r e s o n a t o r  acts v e l o c i t y  s e l e c t i v e  on 
two groups of molecules  [l]. When opera ted  a t  ex t remely  low pressure ,  a l so  the  
smm laser t r a n s i t i o n  is Doppler   b roadened .   In   the   absence   o f   subs tan t ia l   ve-  
l o c i t y  c r o s s  r e l a x a t i o n  a n d  power broadening ,  the  laser g a i n  p r o f i l e  c o n s i s t s  of 
two d i s t inc t   sp ikes   o f   Loren t i an   shape .  The sepa ra t ion   o f   t he   sp ikes  is  tun- 
a b l e  by t h e  pump f requency ,  and  the i r  wid th  increases  wi th  increas ing  sa tura-  
t i o n  o f  t h e  pump and  the smm t r a n s i t i o n .  T h e s e  e f f e c t s  c o u l d  be v e r i f i e d  f o r  
t h e  f i r s t  time a t  t h e  496 pm l i n e  of CH3F. One example is  g i v e n  i n  F i g u r e  1. 
The d i f f e r e n c e  i n  a m p l i t u d e  of t h e  s p i k e s  is d u e  t o  d i f f e r i n g  pump rates i n  t h e  
two d i r e c t i o n s .  
A n o t h e r  t y p e  o f  g a i n  p r o f i l e  s p l i t t i n g  is due  to  the  Au t l e r -Tomes  o r  
dynamic S t a r k  e f f e c t  [12]. The s t r o n g  pump f i e l d  i n  t h e  laser a c t i n g  on t h e  
molecules l i f t s  t h e  "degeneracy   of   the   ro ta t iona l   l eve ls .  The laser t r a n s i -  
t i o n  s p l i t s  up i n t o  2 (J+1) l i n e s ,  where J i s  t h e  r o t a t i o n a l  quantum  number  of 
the   upper  laser l e v e l .  A t  no rma l  ope ra t ing  p res su res ,  t hese  l i nes  are c o l l i -  
s ion  broadened.  The r e s u l t i n g  s h a p e  of t h e  g a i n  p r o f i l e  d e p e n d s  on t h e  t y p e  
(P ,Q ,R)  o f  the  pump and laser t r a n s i t i o n  on the magnitude of the pump f i e l d  and 
t h e  pump frequency [13]. T h i s  e f f e c t ,  which is  w e l l  known in  pu l sed  smm lasers , 
has  r ecen t ly  been  obse rved  a l so  in  a CW ampl i f i e r  and  in  the  CH30H laser [4]. 
However, measurements  of  the  l ine  shape  have  not  been  repor ted  s o  f a r .  Our 
harmonic mixing technique revealed that  dynamic Stark spl i t t ing i s  p r e s e n t  a t  
a l a r g e  number of laser l i n e s   u n d e r   r e g u l a r   o p e r a t i n   c o n d i t i o n s .  We succeeded 
t o  i s o l a t e  t h i s  e f f e c t  b e s t  a t  the  1 2 2 1  pm l i n e  o f  Cg3H3F as shown i n  F i g u r e  2 .  
T h e o b s e r v e d  l i n e  s h a p e  v e r i f i e s  t h e  e x p e c t e d  p r o f i l e  w e l l :  I n  t h i s  case, t h e r e  
are 5 p a i r s  of M-sublevels. The l a r g e s t  s p l i t t i n g  o c c u r s  f o r  M=O and the  low- 
est f o r  M=5. The highest   ampli tude  goes  with M = l .  The symmetry o f   t he  two 
p e a k s  i n d i c a t e s  c l o s e  t o  r e s o n a n t  pumping. 
A less w e l l  known s p e c t r a l  f e a t u r e  of smm lasers is  t h e i r  t e n d e n c y  t o  
r e l a x a t i o n  o s c i l l a t i o n s .  Such o s c i l l a t i o n s  c a n  r e a d i l y  b e  o b s e r v e d  w i t h  fas t  
d e t e c t o r s  on many l i n e s  i n  t h e  t i m e  domain when t h e  pump laser o p e r a t e s  i n  a 
chopped mode. G e n e r a l l y  t h e s e  o s c i l l a t i o n s  are of a damped kind;  however,   they 
a l s o  may o c c u r  i n  a cont inuous mode, e s p e c i a l l y  when t h e  pump laser i s  n o t  w e l l  
s t a b i l i z e d .  The f r e q u e n c y   o f   t h e s e   o s c i l l a t i o n s  is  t y p i c a l l y  a few MHz. A t  
low p r e s s u r e s  it increases approximate ly  wi th  the squa re  roo t  of the p res su re  
and  the  pump rate. A t  h igh  pressure  and  h igh  pump rate i t  approaches a f i x e d  
va lue .  We h a v e  v e r i f i e d  t h i s  b e h a v i o r  w i t h  o b s e r v a t i o n s  i n  t h e  t i m e  and fre-  
quency  domain [ 1 4 ] .  Our harmonic  mixing  technique  allowed a clear d iscr imina-  
t i o n  a g a i n s t  t r a n s v e r s e  mode bea t s  by  the  ex i s t ence  o f  symmetrical frequency 
componen t s  and  by  the  f ac t  t ha t  t he  obse rved  wid th  o f  t he  ga in  p ro f i l e  i s  less 
t h a n  t h e  o s c i l l a t i o n  f r e q u e n c i e s .  
Pump Absorption 
Our concept of c o n t r o l l e d  pump beam propagat ion  descr ibed  be low a l lows  to  
measure  the pump power r e f l e c t e d  from t h e  smm laser resonator .  Wi th  the  laser 
evacuated,  w e  measured ref lect ion of  40-50% o f  t h e  pump power depending on the 
pump frequency. A pa r t   o f   t hese   l o s ses   ( abou t  15% per   pass )  are d u e  t o  t h e  
t i gh t  d imens ion  o f  t he  in j ec t ion  ho le  and  the  un favorab le  mode o f  t h e  pump 
laser. We a l so  obse rved  5% l o s s e s  p e r  pass through the Brewster  window  and a 
t o t a l  of 10-20% r e f l e c t i o n  l o s s e s  a t  t h e  r e s o n a t o r  m i r r o r s .  A s  t h e  laser gas  
p re s su re  is d e c r e a s e d  t h e  r e f l e c t e d  pump power decreases .  The abso rp t ion  co- 
e f f i c i e n t ,  t h e  t r a n s i t i o n  f r o m  s a t u r a t e d  t o  u n s a t u r a t e d  a b s o r p t i o n  a n d  t h e  
t rans i t ion  f rom Doppler  broadening  to  homogeneous broadening i s  s p e c i f i c  t o  
each   gas .   Therefore ,   the   par t icu lar   dependence  of t h e  r e t u r n e d  power ve r sus  
p r e s s u r e  p l o t t e d  i n  F i g u r e  3 i s  n o t  r e l e v a n t .  However, i t  shows how  much o r  
how l i t t l e  pump power i s  a c t u a l l y  a b s o r b e d  a t  a number of r e p r e s e n t a t i v e  laser 
gases, when opera ted  a t  t h e i r  optimum pres su re . and  a t  optimum pump detuning.  
DESIGN C R I T E R I A  
These  d iagnos t ic  exper iments  provide  new i n p u t s  i n t o  t h e  q u e s t i o n  o f  how 
t o  i m p r o v e  t h e  s t a b i l i t y  a n d  e f f i c i e n c y  of o p t i c a l l y  pumped smm laser l o c a l  os- 
c i l l a t o r s .  G e n e r a l l y ,  a s i n g l e  mode ope ra t ion  on a low l o s s  mode wi th  h igh  
mode q u a l i t y  is r e q u i r e d .  T h i s  p o i n t s  t h e  way t o  r a t h e r  l a r g e  d i a m e t e r  d i e l e c -  
t r i c  waveguides. The Dopp le r   con t r ibu t ion   and   t he   dynamic   S t a rk   sp l i t t i ng  
should  be  avoided;  var ia t ions  of t h e  pump frequency and pump i n t e n s i t y  c a u s e  
compl ica ted   changes   o f   the   ga in   p rof i le   shape .   This   l eads   to   changes   in   the  
smm o s c i l l a t i o n  f r e q u e n c y  b y  t h e  c a v i t y  p u l l i n g  e f f e c t .  I n  smm lasers c a v i t y  
p u l l i n g  is very pronounced because the l ine Q and t h e  r e s o n a t o r  Q are of t h e  
same order  of  magnitude. Of t h e  l i n e  s p l i t t i n g s  t h e  dynamic S t a r k  s p l i t t i n g  
by t h e  pump f i e l d  is  observed more l i k e l y .  Most laser l i n e s  o p e r a t e  w e l l  be- 
yond the  Doppler  broadened  regime.  Therefore,   low pump i n t e n s i t i e s  are d e s i r -  
a b l e  as they are obta ined  by us ing  l a rge r  wavegu ide  d i ame te r s .  
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A f u r t h e r  c a u s e  of i n s c a b i l i t i e s  are resonances of  the pump frequency 
i n s i d e  t h e  smm r e s o n a t o r .  I n  t h e  common  mode of o p t i c a l l y  pumping, t h e  pump 
beam i s  r e f l e c t e d  b a c k  a n d  f o r t h  i n  t h e  r e s o n a t o r  i n  a n  u n c o n t r o l l e d  way. 
Standing waves are b u i l t  u p  t h a t  are h i g h l y  s e n s i t i v e  t o  c h a n g e s  i n  r e s o n a t o r  
length.  Such  changes are t r a n s l a t e d  t o  t h e  smm f i e l d .  A s  a consequence,  the 
smm laser s e n s i t i v i t y  t o  t h e r m a l  a n d  a c o u s t i c a l  e f f e c t s  i s  g rea t ly  inc reased .  
The criteria f o r  h i g h  c o n v e r s i o n  e f f i c i e n c y  of t h e  pump power i n t o  smm 
rad ia t ion  fo l low f rom our  F igu re  3 .  The pump power a c t u a l l y  a b s o r b e d  i n  t h e  
laser gas  a t  t h e  optimum pres su re  i s  gene ra l ly  on ly  a f r a c t i o n  of t h e  power 
provided by pump laser. T h i s  e x p l a i n s  t h e  r a t h e r  small c o n v e r s i o n  e f f i c i e n c i e s  
r e p o r t e d   t h r o u g h o u t   t h e   l i t e r a t u r e .  The h ighes t   r epor t ed   va lues  (20-30%) are 
g iven  for  d i f luoromethane .  This  i s  a gas  wi th  an  except iona l ly  h igh  absorp t ion  
a t  i t s  ope ra t ing  p res su re  [15,16]. It  i s  e s t i m a t e d  t h a t  most  of t he  power i s  
absorbed  in  th i s  gas  a f te r  one  round t r ip ,  such  tha t  losses  in to  the  waveguide  
walls and r e f l e c t i o n s  are of  no  importance. However, i f  w e  u se  the  power ac tu-  
a l l y  a b s o r b e d  i n  t h e  g a s e s  as g i v e n  i n  F i g u r e  3 as a r e fe rence ,  w e  o b t a i n  con- 
v e r s i o n  e f f i c i e n c i e s  of over 25% o f  t h e  t h e o r e t i c a l  v a l u e s  a l s o  f o r  o t h e r  g a s e s  
t h a t  are r a t h e r  weak absorbers .  The laser des ign  therefore  should  avoid  a h igh  
degree of pump s a t u r a t i o n  and provide a l o n g  i n t e r a c t i o n  l e n g t h  of t h e  pump 
beam wi th  the  laser gas  bes ides  minimiz ing  losses  in  the  waveguide  walls. The 
d e s i g n  c r i t e r i a  as d i s c u s s e d  i n  t h i s  s e c t i o n  are summarized i n  T a b l e  I. 
0 S t a b i l i z e  pump laser i n  power and frequency 
0 Avoid  feedback of pump r a d i a t i o n  
0 Minimize  resonances  of pump f i e l d  
0 Minimize   cav i ty   pu l l ing   e f fec ts   due   to   ga in  
0 Contro l   p ressure  and temperature  
0 Prov ide   s ing le  mode ope ra t ion  
0 P r o v i d e   e f f i c i e n t  pumping 
p r o f i l e  s p l i t t i n g  
Table I. Criteria f o r  smm laser l o c a l  o s c i l l a t o r  d e s i g n .  
LASER  LOCAL  OSCILLATOR DESCRIPTION 
The new concept  of  control led pump beam propagation has been introduced a 
while  ago [17]. A four - fo ld  degenera te  resonator  conf igura t ion  i s  chosen  with 
two m i r r o r s  of 6m r a d i u s  of curva ture  separa ted  a t  1.76m. The pump beam is in-  
jec ted  through a h o l e  t h a t  i s  displaced halfway between the center  and t h e  r i m  
of t he  mi r ro r .  A s  it  is shown schemat i ca l ly  in  F igu re  4 ,  t h e  pump beam makes 
four  roundt r ips  through the  resonator .  It  d ive rges  to a maximum diameter  and 
converges  to  a beam waist be fo re  l eav ing  the  r e sona to r  t h rough  the  in j ec t ion  
hole .  The t o t a l   i n t e r a c t i o n   l e n g t h   w i t h   t h e  laser gas  is  14m. No resonances 
and  no  losses  into  the  waveguide walls occur.  The outgoing beam i s  a t  an 
angle  of about  1 / 2  degree.  It s e p a r a t e s  from the ingoing beam a f t e r  a d i s t a n c e  
and c a n  b e  r e f l e c t e d  t o  a n  a b s o r b e r  o r  t o  a power meter. Feedback i n t o  t h e  
pump laser and pump resonances are completely el iminated.  
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The smm laser head consis ts  of  a s t a i n l e s s  steel tube  tha t  suppor t s  t he  
3.8m I D  glass  waveguide,  with f langes a t  each end for  a t tachment  of  the mirror  
and window assemblies .  The mode coupl ing  losses  in t roduced  by  the  use  of 
curved mirrors  are minimal [18]. A t  wavelength  below 150-200 u m ,  t h e  r e s o n a t o r  
becomes  Gaussian. One of t h e  laser end assemblies  is separated  f rom  the  f lange 
by vacuum bellows. It inc ludes  a l a r g e  d i a m e t e r  d i f f e r e n t i a l  d r i v e  c e n t e r e d  a t  
t h e  a x i s  f o r  l e n g t h  t u n i n g .  The mir ror  assembl ies  are jo ined  toge the r  by t h r e e  
invar  rods .  The thermal  expansion of  the rods i s  compensated  by  high  expansion 
aluminum sleeves. 
For the CO2 laser w e  c h o s e  a c t i v e  s t a b i l i z a t i o n  by locking  i t  t o  t h e  
resonance frequency of a temperature  control led,  mechanical ly  and thermally 
s t a b l e   e t a l o n .  The scheme i s  shown in   F igu re  5. The pump beam passes  through 
a ZnSe d i s c  which is r o t a t e d  c l o s e  t o  Brewsters angle  so tha t  abou t  100 mW are 
s p l i t - o f f .  One p a r t  o f  t h i s  beam se rves  to  mon i to r  t he  pump power l e v e l ,  t h e  
o t h e r  p a r t  i s  matched t o  t h e  c o n f o c a l  e t a l o n  w i t h  a l e n s .  I n  a d d i t i o n  t o  t h e  
tunab le  DC vo l t age ,  a 41 Hz d i t h e r  v o l t a g e  i s  a p p l i e d  t o  t h e  p i e z o e l e c t r i c  
t r a n s l a t o r  i n  t h e  e t a l o n  which  modulates  the  transmission  band. The  power mod- 
u l a t i o n  of the  t ransmi t ted  beam is phase detected,  and a h igh  vo l t age  is de- 
r i v e d  f o r  l e n g t h  c o n t r o l  of t h e  COz laser resonator .  When the  feedback  loop i s  
c losed ,  t he  e t a lon  DC vol tage  can  be  used  to  tune  the  pump laser  f r equency  fo r  
maximum smm laser output  power. T h i s  s t a b i l i z a t i o n  scheme provides  a pump beam 
which is  e s s e n t i a l l y  f r e e  of modulation. 
Descr ipt ion of  Laser Performance 
The output  power of t he  smm laser and t h e  pump laser were recorded 
s imultaneously over  extended per iods.  The smm laser w a s  o p e r a t e d  i n  a sea led-  
o f f  mode. Due t o  r e s i d u a l  l e a k s  i n  t h e  vacuum sys t em,  p re s su re  inc reases  of 1-2 
mTorr per hour were observed. A warm-up per iod of  one  hour w a s  al lowed before 
making  measurements. The temperature  of both end assembl ies ,   the  steel tube 
and the  invar  rods  were monitored  with  thermocouples.  The readings never  ex-  
ceeded 2-3 C above room temperature.  A s  a consequence,   the   resonator   requires  
no  re -ad jus tment  a f te r  the  warm-up per iod .  
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From the  record ings  a drop by 4% and  by 1.5% fo l lows  fo r  t he  pu tpu t  power 
of t h e  smm laser and t h e  pump laser, r e spec t ive ly ,  ove r  a period of two hours 
( see  F igu re  6 ) .  Dur ing  th i s  time t h e  PZT v o l t a g e  t h a t  c o n t r o l s  t h e  C 0 2  laser 
frequency i s  dr iven through i ts  e n t i r e  r a n g e  of 1000 V by t h e  a c t i v e  l o o p  cir- 
c u i t .  It  w a s  observed   tha t   the  CO2 laser always  dr i f ts   toward  lower  f requen-  
c i e s ,  e v e n  a f t e r  s e v e r a l  h o u r s  of  operation.  Relocking of t he  con t ro l  l oop  a t  
t h e  o t h e r  end of the PZT voltage range occurs  automatical ly ,  sometimes within 
as l i t t l e  as 10 seconds. The  somewhat l a r g e r  d r o p  of t h e  smm power seems t o  b e  
caused by po l lu t ion  o f  t he  laser gas .  Af t e r  s eve ra l  hour s  of o p e r a t i o n ,  t h e  
o r i g i n a l  power l eve l  cou ld  usua l ly  be  ob ta ined  on ly  wi th  a f r e s h l y  f i l l e d  laser 
tube .  
These r e su l t s  can  be  cons ide red  typ ica l  fo r  l i nes  tha t  are pumped wi th  the  
COz laser o p e r a t i n g  n o t  t o o  f a r  o f f  i ts  l i n e  c e n t e r .  T h i s  w a s  confirmed by  ad- 
d i t i o n a l  a l t h o u g h  less extensive measurements a t  a number o f  o the r  l i nes  r ang-  
ing  from 70 pm t o  1.22mm. For detunings of more than 40 MHz f rom the  l i ne  
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c e n t e r  t h e  l o c k i n g  o f  t h e  l o o p  is less r e l i a b l e  b e c a u s e  o f  mode competi t ion.  
The s p e c t r a l  r a n g e  o f  t h e  CO2 laser is about  90 MHz. The ou tpu t  power l e v e l s  
a t  a number o f  c h a r a c t e r i s t i c  l i n e s  as i n d i c a t e d  o n  t h e  scale of a S c i e n t e c  
power meter are g i v e n  i n  T a b l e  11. 
WAVELENGTH  LASER-GAS READING 
118 pm CH 3 OH 62.0  mW 
1 7 0  um CH 30H 39.0  mW 
206 pm CD 3F 25.0  mW 
247 I,rm CD3F 15.0 mW 
3 9 4  pm HCOOH 38.0 mW 
433 I,rm HCOOH 3 2 . 0  mW 
447 I,rm CH 3I 32.0 mW 
496 um CH3F - SF6 1 5 . 0  mW 
513 pm HCOOH 17.0 mW 
570 urn CH 30H 3 . 5  mW 
747 pm CH 3 B r  3.0  mW 
1 2 2 1  Urn C 3H3F 2.5  mW 
Table 11. Laser output  power readings  f rom Scien tec  power meter. 
The laser output  w a s  a l s o  i n v e s t i g a t e d  w i t h  a wave ana lyze r .  It w a s  found 
t h a t  t h e  d i t h e r  f r e q u e n c y  o f  4 1  Hz produces a 0.4% modula t ion ,  whi le  the  60  and 
1 2 0  Hz components from the C 0 2  d i scha rge  are  below 0 . 3 % .  
With respec t  to  matching  of t h e  laser beam t o  t h e  a n t e n n a  p a t t e r n  o f  a 
mixer, t h e  mode p a t t e r n  o f  t h e  laser beam is of  importance [ 1 9 ] .  The laser was 
found t o  o p e r a t e  a l t e r n a t e l y  on a s t rong and a very weak t r a n s v e r s e  mode  when 
t h e  r e s o n a t o r  l e n g t h  was changed. The c r o s s  s e c t i o n  o f  t h e  s t r o n g  mode w a s  re- 
corded  in  the  focus  of  a l e n s  by a p y r o e l e c t r i c  d e t e c t o r  w i t h  a n  a p e r t u r e  o f  
lmm. This   r evea led   an   a lmos t   pe r f ec t   Gauss i an   i n t ens i ty   pa t t e rn ,   wh ich  is  sur-  
p r i s i n g  t o  some degree  in  v iew of t h e  t o r o i d a l  e x c i t a t i o n  volume of t h e  pump 
beam, the  hybr id  ho le  coup le r  and t h e  l a r g e  number o f  r e l a t i v e l y  l o w  loss modes 
i n  a waveguide resonator.  The l i n e a r  p o l a r i z a t i o n  of t h e  mode w a s  ensured by a 
p o l a r i z e r .  
The f r e q u e n c y  s t a b i l i t y  of t h e  laser w a s  i n v e s t i g a t e d  by mixing the laser 
beam with harmonics of a v e r y  s t a b l e  microwave o s c i l l a t o r  i n  a Schot tky diode.  
A s  compared t o  o t h e r  similar e f f o r t s  [ 2 0 ] ,  a very  s imple  approach  of  genera t ing  
a s t a b l e  r e f e r e n c e  i n  t h e  smm r eg ion  w a s  chosen. The ou tpu t  of a s t a b l e  SF- 
t h e s i z e r  o p e r a t i n g  i n  t h e  X-band w a s  ampl i f i ed  and  app l i ed  to  the  d iode  coax ia l -  
l y  t h rough  a b a n d p a s s  f i l t e r .  Due t o  t h e  s t r o n g  n o n l i n e a r i t y  o f  t h e  d i o d e  v e r y  
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l a rge  mul t ip l i ca t ion  f ac to r s  can  be  ob ta ined .  By u s i n g  t h e  62nd harmonic,  and 
tun ing  the  synthes izer  th rough a 50 MHz wide band centered at 12.25 GHz, bear  
s igna l s  r ang ing  from 10  MHz t o  2.5 GHz were obta ined .  Af te r  a second down con- 
v e r s i o n  i n t o  t h e  1 5 0  MHz band, a frequency counter  with pr inter  and a spectrum 
analyzer  were used to  mon i to r  t he  long  term f r e q u e n c y  s t a b i l i t y  of t h e  laser 
l i n e  a t  761 GHz of formic acid.  
The s h o r t  term f l u c t u a t i o n s  o f  t h e  b e a t  s i g n a l  as d isp layed  on t h e  spectrum 
analyzer  were t y p i c a l l y  5-10 kHz wide,  in  c lose agreement  with other  measure-  
ments  performed a t  t h i s  l i n e  [SI. I n  t h i s  r e f e r e n c e ,  heavy pump power feedback 
is  mentioned t o  h a v e  a f f e c t e d  t h e  s t a b i l i t y  measurements f o r  t i m e  intervals 
above  0.1  second.  In  our laser no  such  effects   could  be  observed.   For   long 
term frequency measurements,  the printer w a s  set t o  take samples a t  d i f f e r e n t  
time i n t e r v a l s .  The observed  f requency  changes  var ied  in  ra te  and d i r e c t i o n .  
Over a one second and a one minute t i m e  i n t e r v a l  mean d r i f t s  of 740 Hz and 14 
kHz were obta ined .  The A l l a n  v a r i a n c e  f o r  t h e s e  i n t e r v a l s  was c a l c u l a t e d  t o  b e  
7 . 8  lo-' ' and 1 .2  lo -* ,  r e s p e c t i v e l y .  The lowest   and  highest   f requencies  re- 
corded over one locking period of the CO2 laser (two hours) were about 0.5 MHz 
a p a r t  . 
The f r e q u e n c y  d r i f t s  are m a i n l y  a t t r i b u t e d  t o  d r i f t s  of t h e  CO2 pump laser .  
As ide  f rom the  ac t ive  s t ab i l i za t ion ,  t he re  a re  several mechanisms t h a t  can 
c a u s e  f r e q u e n c y  d r i f t s .  The s t a b i l i t y  of t h e  e t a l o n  i s  l i m i t e d  t o  1.5 MHz p e r  
day. The a c t i v e  l o o p  e l e c t r o n i c s  are n o t  p e r f e c t l y  l i n e a r  and are  a l s o  s u b j e c t  
t o  t h e r m a l  d r i f t s .  I n  a d d i t i o n ,  small changes  in  the  o r i en ta t ion  of t h e  COz 
laser beam were obse rved  to  sh i f t  t he  t r ansmiss ion  band  of t h e  e t a l o n .  Such 
d i rec t iona l  changes  of  the  pump beam can occur as  a consequence of the  tun ing  
of t he  CO2 laser by the  PZT mounted g r a t i n g .  
CONCLUSIONS 
A smn laser wi th  an  ampl i tude  and  f r equency  s t ab i l i t y  su i t ab le  fo r  app l i -  
c a t i o n  as a l o c a l  o s c i l l a t o r  i n  a h igh  reso lu t ion  he terodyne  rad iometer / spec-  
t rometer  has  been descr ibed.  The mode p a t t e r n  i s  v e r y  c l o s e  t o  a Gaussian 
p r o f i l e  so  t h a t  e f f i c i e n t  c o u p l i n g  t o  a q u a s i o p t i c a l  m i x e r  i s  poss ib l e .  The 
laser p rov ides  su f f i c i en t  ou tpu t  power a t  a l a r g e  number of l i n e s  t o  d r i v e  t h e  
mixer   into  the low conversion l o s s  regime.   Radiometr ic   integrat ion times of 
severa l  minutes  wi th  a s p e c t r a l  r e s o l u t i o n  of 1 MHz w i l l  be  poss ib l e .  With 
present  s ta te-of- the-ar t  Schot tky mixers  and low n o i s e  p r e a m p l i f i e r s  a radio-  
metric tempera ture  reso lu t ion  of a f e w  K can be expected over a s p e c t r a l  r a n g e  
from  500 t o  900 GHz. 
0 
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Figure 1.- Gain p r o f i l e  s p l i t t i n g  due t o  v e l o c i t y  s e l e c t i v e  pumping: CH3F 
pumped with 9P20 l i n e  a t  3m Torr  pressure;  center  f requency 604 G H z ,  
1 MHz/div. 
Figure 2.- Gain p r o f i l e  s p l i t t i n g  due t o  dynamic S ta rk  e f f e c t :  C H3F pumped 
by 9P32 l i n e  a t  36m Torr  pressure;  center  f requency 245 G H z ,  1 MHz/div. 
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Figure 3 . -  Measurement of pump power re f lec ted  from resonator f o r  representa- 
t i ve  l a se r  gases  a t  t he i r  r e spec t ive  optimum operating pressures.  The 
pressure scale i s  uncalibrated.  
PUMP  BEAM PROPAGATION IN FOURIQLD 
DEGENERATE RESONATOR 
Figure 4.- Schematic of four fold degenerate resonator and pump  beam footpr in ts .  
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Figure 5.- CO l a s e r  s t a b i l i z a t i o n  and pump  beam propagation. 2 
Figure 6.- Long t e r m  power s t a b i l i t y .  Upper t r a c e :  761 G H z  l i n e  of HCOOH, 
lower t r a c e  9R18 pump power.  Both base l ines  are h e a v i l y  o f f s e t .  
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